ABSTRACT
INTRODUCTION
Morpho-anatomical characteristics of the plants are greatly influenced by environmental factors associated with climate, light, amount of rainfall, soil, relief, and altitude (Givnish, 1984) . These factors vary in space and time and can be limiting to the establishment and growth of the vegetation. Leaves are directly subjected to these environmental variations and are, thus, important probes for autecological or synecological studies because they evolve specific strategies to certain environmental characteristics (Pyykko, 1979) . The morphology of leaves has been used to describe and compare tropical rain forests (Sobrado and Medina, 1980; Bongers and Popma, 1990; Medina et al., 1990) . One of the first authors to use this methodology, Richard (1952) , noted that plants of different families in a tropical forest depicted similar morphology while species of the same genera in temperate forests presented distinctive morphological characteristics. Further studies (Grubb et al., 1963; Gentry, 1969) provided support for Richard's hypothesis, showing that 50% of the species in the lowland tropical forests of Ecuador, Brazil, and Australia presented mesophyllous leaves while 95% of the plants in montane forests in Costa Rica had microphyllous leaves. Leaf morphology is also related to environmental gradients (Geeske et al., 1994) and foliar nutrient content (Sobrado and Medina, 1980; Peace and Macdonald, 1981; Körner et al., 1986; Medina et al., 1990) . Some tropical plant formations (e.g. campinarana and heath forests) are categorized as sclerophylls based partially on the morphology of the leaves of their plant species (Sobrado and Medina, 1980; Turner et al., 1995) . Most of these studies, however, have been developed in the tropical forests of the Amazon, Central America, New Zealand, and Hawaii. In the Atlantic Forest, the great majority of the studies are descriptive for a single or for a related group of species (Coutinho, 1962; Souza, 1971; Rôças et al., 1997) . The Atlantic Forest extends from 30º N to 30º S along the coast of Brazil and originally occupied about 1.227.600 Km 2 . Today, this forest has been reduced to only 7.5 % of its original extent (Myers et al., 2000) . It has a high plant diversity (20,000 plant species), among which, 8,000 plant species are endemic (Myers et al., 2000) . In the State of Santa Catarina (South Brazil) alone, more than 191 species of trees have been reported (Siqueira, 2001) . This study presents the results of a morphological study of 89 tree species from a remnant of the Atlantic Forest located in State of Santa Catarina, Brazil. The morphological patterns reported herein are discussed in relation to environmental conditions and compared to those of other tropical forests.
MATERIAL AND METHODS
Plant material was collected in the Volta Velha Reserve, a privately owned reserve in South Brazil (26º04'S, 48º38'W Gr) and considered part of the Atlantic Forest Biosphere Reserve, located in the Municipality of Itapoá, State of Santa Catarina. The reserve occupies approximately 1.200 hectares and is located in the coastal plain, 5 km from the Atlantic Ocean and 9 m above sea level (Fig. 1) . The area shows no obvious recent evidence of human disturbance. The forest is classified as a lowland rain forest, with a dense vegetation of 15 to 20 m. tall and is composed by lianas, epiphytes, and palms, besides the tree species (Veloso et al., 1991) . The mean annual temperature in the area is 20.3 ºC. The hottest month, February, has a mean maximum temperature of 27.2 ºC; the coldest month, July, has a mean minimum temperature of 16.5 ºC. The mean annual precipitation is 2170 mm. Although there is no distinct dry season, maximum precipitation occurs from January to March. The soil has been classified as spodsol, nonhydromorphic, with a moderate sand texture, and low concentrations of exchangeable cations (Negrelle, 1995) . A previous survey in a 1 ha area found 113 tree species of 34 families. The species studied herein (n=89) were selected based on the number of individuals present in the area (at least 3) and on their high Value of Importance Index (see Negrelle, 1995) . Leaves from branches directly exposed to sunlight (sun leaves) were collected from three individuals of each species. All trees were more than 10 m tall and 10 cm in diameter at breast height. Leaf area was measured with a leaf-area meter (LiCor, Nebraska, USA) and represented the average values for 20 sun leaves. Classes of leaf size were defined according to Raunkiaer's classification, as modified by Webb (1959) . Dried and pressed plant material was also used in the analysis of leaf morphology. The morphological terminology used was that proposed by Leaf Architecture Working Group (1999) . The presence of trichomes and stomata on leaf epidermis was determined using epidermal casts made with colorless nail polish. Sections of 1 cm 2 from the central area of each leaf were fixed in 50 FAA (formaldehyde, ethanol 50º, acetic acid -18:1:1 v/v), dehydrated with ethanol, embedded in glycol methacrylate resin (Reichert-Jung, Germany), and sectioned at 7 µm. Sections were stained with toluidine blue (Sass, 1951) . All measurements were determined using a light microscope with ocular micrometer. Leaves used in scanning electron microscopy were fixed in 50 FAA, dehydrated through ethanol series to absolute ethanol, and critical-point dried with CO 2 . Dried specimens were mounted on stubs and coated with gold. Abaxial surfaces were observed with a Philips SEM 505 scanning microscope. 
RESULTS AND DISCUSSION
The summary of the morphological analysis of the 89 tree species is presented in Table 1 . Main leaf characteristics for all studied species are presented in Table 2 . There was no predominance of any state of the following characters: texture, and presence of trichome and secretory structures. Morphologically, the leaves in the area studied (Table 1 ; Fig. 2 ) were predominantly simple, symmetrical, elliptic with acuminate apex, entire margin, normal petiole and alternate. These results were very similar to those reported for other tropical forests (Pyykko, 1979; Roth, 1984; Kapelle and Leal, 1996) . Elliptical leaves with acuminate or acute apex and entire margins appeared associated with the high pluviosity of the area (Negrelle, 1995) . It has been suggested that this leaf morphology enhances drainage of rainwater, which probably retards the growth of epilhylls and reduces the loss of soluble nutrients by leaching (Whitmore, 1998) . The coriaceus texture of leaves observed on more than 50% of plant species apparently were a defense against herbivory because leaf replacement was an energetically expensive process (Coley and Barone, 1996) . Also, the development of this texture has been interpreted as a response to the conditions of water stress and high light intensity as that observed in canopies (Roth, 1984) . In the studied area, leaves were predominantly microphyllous and notophyllous (>75% of the species), and smaller than those reported for other lowland tropical forests (Table 3) . However, the mesophyll class was overestimated for some tropical forests, because the notophyllous class was also included on the mesophyll class (Webb, 1959; Bongers and Popma, 1990) . In tropical forests, the leaf size was inversely related to the latitude and altitude, and directly related to the annual pluviosity values (Webb, 1959; Dolph and Dilcher, 1980) . As precipitation decreased, the average leaf area in a flora also decreased (Webb, 1959; Dolph and Dilcher, 1980) . The leaf size was also influenced by others features such as humidity and temperature. Large leaves were more often in warm and moist tropical forests (Werger and Ellenbroek, 1978) . In this study, the predominance of microphyllous and notophyllous leaves appeared to be influenced by the temperature, which was lower at Santa Catarina state when compared to higher temperature of the equatorial regions (Negrelle, 1995) . Crystals occurred in 50% of the species studied (Table 3) . Calcium oxalate crystals are a product of plant metabolism and have been associated with the removal of excess calcium from the system (Volk et al., 2002) . The high prevalence of crystals in leaves was also interpreted as a defense against herbivory, by making the leaves less palatable (McKey et al., 1978) . According to Aerts and Chapin (2000) , leaves with high prevalence of crystals occur mainly in species growing in soils of low fertility where species must avoid loss of leaf tissues and nutrients by the action of herbivores. Only 12% of the wood species growing in fertile soils (e.g. Los Tuxtlas, Mexico) have crystals in the leaves (Bongers and Popma, 1990) . Cont. Table 2 Cont. Most species studied (84.9%) had a single-layered adaxial surface of the epidermis and in all of them, the abaxial surface was formed by a single layer (Table 1, Figs 4c, 4d, 4e, 4f) . All species possessed hypostomatic leaves (Figs. 3a, 3b ), which could be related to the relative humidity (higher at the abaxial surface than at the adaxial surface) and to temperature (higher at the adaxial surface than abaxial surface) of leaves at the canopy of the forest (Lleras, 1977) . Also, the presence of stomata in the abaxial surface could represent a way to prevent the obliteration of the pores of stomata by epyphyllous organisms (Coutinho, 1962) . Although the cuticle of the adaxial surface was not separately measured, most of the investigated species (75.3 %) had a thick cuticle and several species had an epicuticular wax layer (Figs. 3a, 3b ).
Thick cuticle, associated with their chemical composition, helps to repel water, reducing leaching and transpiration (Martin and Juniper, 1970) . Most of the species studied in the Volta Velha Reserve (91%) had mesomorphic leaves, with a single-layered epidermis, well-developed spongy parenchyma, palisade parenchyma composed of 1 to 2 layers, and reduced supporting tissue (Fig. 4c,  4d , 4e, 4f). Only few trees of this area (9%) presented xeromorphic characteristics such as the presence of sclereids, sub-epidermal layers (Fig. 4a,  4b ), bundle-sheath extension (Fig. 4b) , and 2 or 3 layers of palisade parenchyma ( Fig. 4a; 4b ). These features increased the total thickness and also influenced the coriaceous texture of these xeromorphic leaves (Table 4 ). According to Boeger et al. (1997) , all species with xeromorphic characteristics are heliophytes occuring at early stages of succession, and have wide geographic distributions (Reitz et al., 1987) . This suggested that the xeromorphic features observed were strategies for survival under adverse environmental conditions, as observed at the early stages of the successional process in sand oligotrophic soils (Boeger et al., 2003) . The morphological parameters of leaves from the most studied species were similar to those of species from other lowland rain forests (Grubb et al., 1975; Pyykko, 1979; Roth, 1984; Bongers and Popma, 1990) . This similarity might have resulted from comparable species composition and/or from convergent development as a response to similar environmental conditions (Pyykko, 1979) . Most of the studied species (91%) did not have morpho-anatomical characters (thick leaves, small leaf area, hypodermis, several layers of palisade parenchyma and well developed sclerenchyma) as it would be expected for plants growing on sandy soils of low fertility (see Turner, 1994) . The mesomorphic features observed here for most of tree species seem to be related to an efficient nutrient cycling. The litter production in the area was 6.9 ton.ha -1 .year -1 (Boeger et al., 2000) with a slow decomposition rate (data not published). These processes associated with large root biomass and root concentration near surface, in direct contact with the litter (Jordan, 1985) suggested an efficient translocation of foliar nutrients (Vitousek, 1982) . These mechanisms expressed by the leaf morphology appear to compensate the low nutrient content of the mineral soil. 
